0322  \ \ 


UDC  613.644. 1 159.944 


' ~S2^>37 


ROYAL  AIRCRAFT  ESTABLISHMENT 

W Technical^ep'fit*|^60 1 1 ^ ' 

Received  for  printing  21  January  1976  I RA£~r 


[HE  EFFECTS  OF  3 HOURS  OF  VERTICAL  VIBRATION  AT  5Hz 


| mis 

Whltf.  SKllM 

cos 

fell  Section  n 

□ 

1 JUSUUliTifSt  _ 

Ef 

j BISlR!«‘vi:8ll/AV*IUBfll1Y  COSES 

cut. 

t'vAiu.  SOCIAL  j 

1 

[ 

l 

ON  THE  PERFORMANCE  OF  SDME  TASKS 


/Q) 

j R.  T. /Wilkinson*7 
/ K.  R./MasliHi 
I G.  F.j  Rowlands 


SUMMARY 


A laboratory  experiment  has  been  conducted  to  investigate  the  effect  on 
eight  subjects  of  3-hour  exposures  to  vertical  vibration,  and  to  compare  the 
results  with  the  recommendations  for  maintaining  efficiency  of  the  International 
Standard  ISO  2631  - "Guide  for  the  evaluation  of  human  exposure  to  whole-body 
vibration".  < 

The  vibration  used  was  5Hz  vertical,  with  an  acceleration  level  of  l.2m/^3^ 
rms^— corresponding  to  the  ISO  recommended  maximum  durations  of  1 hour  for 
'Fatigue^Jlfix^eased  Proficiency'  and  3 hours  for  safe  'Exposure'.  The  duration 
of  each  session  was  approximatei^-3-ktrEr|}  and  four  series  of  four  sessions  were 
conducted  using  two  subjects  at  a time.c^Four  tasks  were  used,  audio  vigilance, 
visual  search,  compensatory  tracking  by  hand  and  handwriting.  Effects  on  sight 
and  hearing  were  checked  at  the  beginning  and  end  of  each  session.  Based  on 
average  results,  little  evidence  was  found  to  support  the  time-dependency  of  the 
limits  specified  for  5Hz  in  the  International  Standard  in  that  little  fatigue 
effect  was  discovered.  There  was,  however,  an  immediate  appreciable  decrement 
in  performance  of  three  out  of  the  four  tasks  as  a direct  effect  of  the  vibration, 
suggesting  that  the  short-term  nominal  limit  specified  (2.8m/s^  rms  for  l-4min) 
is  too  high,  for  the  particular  tasks  usedffw 
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1 INTRODUCTION 

In  the  International  Standard  "Guide  for  the  evaluation  of  human  exposure 
to  whole-body  vibrations"'  three  main  human  criteria  are  distinguished,  and  cor- 
responding boundaries  of  allowable  vibration  intensities  and  durations  are  defined 
as  shown  in  Fig.!.  These  criteria  and  the  corresponding  boundaries  are  (Ref.l, 
section  4.1). 

(a)  the  preservation  of  working  efficiency  (Fatigue-Decreased  Proficiency 
boundary) ; 

(b)  the  preservation  of  health  and  safety  (Exposure  Limit); 

(c)  the  preservation  of  comfort  (Reduced  Comfort  Boundary). 

All  of  these  boundaries,  for  a given  frequency,  show  a marked  reduction  in 
acceptable  acceleration  level  with  duration  of  exposure,  but  the  precise  meaning 
of  this  time-dependency  is  not  clear.  The  Standard'  is  ambiguous  in  this  respect: 
section  4.1.1  implies  that  the  F-DP  limits  can  apply  to  single  exposures,  for 
example  to  vehicle  driving,  whereas  in  section  4.4.1,  it  is  stated  that  all  the 
limits  relate  particularly  to  working  life  that  is  repeated  daily  exposures, 

rather  than  to  single  or  occasional  exposure. 

2 

A previous  study  suggested  that  there  is  very  little  ground  in  published 
literature  for  supposing  that  efficiency  at  various  tasks  is  in  any  way  related  to 
the  duration  of  vibration  in  general  or  to  the  duration  of  the  Fatigue-Decreased 
Proficiency  (F-DP)  boundary  in  particular.  The  evidence  has  been  mainly  gathered 
from  reports  in  which  testing  the  relevance  of  the  F-DP  boundary  was  not  a specific 
object.  It  was  therefore  thought  desirable  to  undertake  an  experiment  specific-- 
ally  with  this  aim*. 

The  interpretation  that  many  people  have  put  on  the.  Standard  is  that 
efficiency  at  any  task  will  be  reduced  if  the  recommended  duration  at  a given 
vibration  is  exceeded,  whatever  the  kind  of  task  or  however  often  its  performance 
is  required  during  that  time.  To  investigate  this,  different  types,  of  task,  per- 
formed at  intervals,  were  thought  to  be  capable  of  showing  the  effect,  if  it  exists. 

The  form  of  the  experiment  was  devised  in  collaboration  with  the  Applied 
Psychology  Unit  of  the  Medical  Research  Council,' and  was  carried  out  at  RAE 
jointly  by  staff  of  both  establishments: 

Preliminary  results  of  this  experiment  have  been  reported  in  a paper 
entitled  "Effects  of  duration  of  vertical  vibration, beyond  the  proposed  ISO 
Fatigue-Decreased  Proficiency  time,  on  the  performance  of  some  tasks"  given  at  an 
AGARD  symposium  in  April  1974.  Further  analysis  has  resulted  in  some  modifica- 
tion of  the  conclusions  reported  there. 

* Since  this  experiment  was  completed,  a somewhat  similar  experiment  has  been 
reported  by  Bennett  et  at .3.  Their  conclusions  are  broadly  in  agreement  with 
those  of  this  Report.  _ 
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2 EVOLUTION  OF  THE  MAIN  EXPERIMENT 

2. 1 The  vibration  used 

The  object  of  the  experiment  was  to  determine  the  effect,  if  any,  of  pro- 
longed exposure  to  vibration  on  the  ability  of  subjects  to  perform  various 
tasks.  The  broad  outline  plan  of  the  experiment  was  as  follows :- 

(1)  The  vibration  should  be  vertical  and  nominally  sinusoidal  of  5Hz  frequency, 
since  this  is  in  the  neighbourhood  of  the  major  body  resonance  and  is  con- 
sequently the  type  of  vibration  which  has  occurred  most  frequently  in  earlier 
experiments.  It  would,  therefore,  possibly  allow  for  some  comparison  with  other 
published  results. 

(2)  The  duration  of  vibration  should  be  long  enough  for  any  fatigue  effects  to 
become  obvious;  the  time  fixed  on  was  3 hours. 

(3)  The  level  of  the  vibration  should  not  exceed  the  ISO  recommended  'exposure 
limit  for  3 hours'.  This  was  thought  to  be  desirable,  particularly  if  the 
standard  applies  to  single  exposures.  The  level  chosen  was  1.2m/s  ras,  equi- 
valent to  an  F-DP boundary  of  about  1 hour  and  an  exposure  limit  of  about  3 hours. 

2.2  The  tasks  used 

The  following  four  tasks  were  chosen;  the  first  two  were  provided  by  APU 
and  the  second  two  by  RAE:- 

(i)  The  Wilkinson  vigilance  task^,  which  has  been  used  by  APU  for  several  years 
provides  a method  of  measuring  the  level  of  alertness  of  subjects  through- 
out a lengthy  period  of  signal  detection.  A description  is  given  in 
section  4.2  and  details  in  Appendix  A. 

(ii)  A visual  search  task  which  has  also  been  in  use  at  APU  for  some  time  and 
provides  a measurement  of  visual  acuity  and-  the  ability  to  search  a 
visual  field.  A description  is  given  in  section  4.3. 

(iii)  A tracking  task  which  h3s  been  used  in  a similar  form  by  RAE  for  various 
experiments  provides  a means  of  measuring  the  level  of  visual  and  muscular 
co-ordination  of  subjects,  which  is-  important  when  flying  an  aircraft, 
driving  a motor  car,  etc.  A description  of  the  task  is  given  in 

section  4.4  and  details  in  Appendix  B. 

(iv)  A writing  task  was  used  as  a second  method  of  measuring  the  level  of 
visual  and  muscular  co-ordination  of  subjects  by  a common  everyday  task, 
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frequently  used  in  transport.  A description  of  this  task  is  givdn  in 

section  4.5, 

2.3  Audio  and  visual  tests 

It  was  thought  possible  that  sight  and  hearing  (and  hence  task  performance) 
might  be  degraded  by  fatigue  effects  caused  by  the  prolonged  tasks  and/or  pro- 
longed exposure  to  vibration.  To  check  any  such  effects,  three  standard  tests  of 
sight  were  used,  a seven-line  near-point  reading  chart,  a Maddox  Wing  and  an  RAF 
near-point  rule,  and  an  audiometric  test  was  used  to  check  hearing  threshold  at 
two  frequencies , 

2.4  Subjects 

The  eight  subjects  were  all  men  aged  between  19  and  37  and  employed  at 
RAE,  who  volunteered  either  in  response  to  an  invitation  to  take  part  issued  to 
the  RAE  in  general,  or  as  a result  of  direct  approaches  made  by  the  experimenters. 
The  latter  were  all  from  the  same  department  as  the  RAE  experimenters  though 
they  were  not  familiar  with  the  work  of  the  Environmental  Effects  Section. 

Before  taking  part  in  the  tests  all  subjects  were  examined  by  the  Senior 
Medical  Officer  at  RAE  and  passed  as  fit  to  take  part. 

2.5  Pilot  experiment 

Before  embarking  on  the  main  experiment  a pilot  experiment  was  conducted 
using  two  subjects.  This  was  in  order  to  look  for  any  unexpected  problems  and 
to  check  that  subjects  would  tolerate  the  proposed  periods  of  vibrations  and 
tasks.  The  pilot  experiment  was  carried  out  with  all  vibration  and  task  con- 
ditions as  close  as  possible  to  those  intended  for  the  main  experiment. 

The  most  important  conclusion  of  this  pilot  experiment  was  that  it  was 
necessary  for  subjects  to  practice  the  tracking  task  thoroughly  beforehand,  in 
order  to  minimize  learning  effects  during  the  main  experiment.  The  pronounced 
learning  curve  of  one  of  the  subjects  had  been  very  obvious  from  his  results 
during  the  week.  As  a result  of  this  experiment  it  was  also  decided  that  sub- 
jects should  be  deprived  of  any  actual  time  reference,  so  that  their  only 
knowledge  of  the  time  would  be  from  the  experimenters  and  this  knowledge,  if 
necessary,  could  be  artificial.  This  decision  was  taken  ^hen  one  subject's  task 
performance  was  found  to  have  been  apparently  adversely  affected  by  the  fact 
that  the  later  stages  of  the  session  had  encroached  on  his  normal  mid-day  break. 
Subjects'  wrist  watches  were  consequently  removed  during  the  main  experiment. 
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It  was  also  recognised  that  any  visual  or  oral  contact  with  the  world  outside 
the  vibration  rig  should  be  restricted  to  controlled  communications  from  the 
experimenters.  Daring  the  pilot  experiment  slight  external  disturbances  noticed 
by  the  subjects  affected  their  task  performance.  Great  care  was  therefore  taken 
during  the  main  experiment,  to  isolate  the  subjects  from  the  outside  world. 

3 APPARATUS 

3. 1 Vibration  rig 

The  experiment  was  carried  out  on  the  RAE  two-axis  vibration  rig^ 

(Figs. 2 and  3).  This  apparatus  has  a 1.83m  by  1.22m  platform  which  can  be 

vibrated  in  the  vertical  axis  and  one  horizontal  axis.  The  frequency  range  of 

the  rig  is  from  0.5  to  50Hz,  within  the  limitation  of  a plus  and  minus  0.25m 

2 

stroke  and  a maximum  acceleration  of  19.62m/s  . Th€!  rig  was  tuned  to  accept  a 
working  load  of  270kg. 

A sound -deadening, noise-attenuating  chamber  encloses  the  whole  rig.  This 
has  an  air  circulating  and  temperature  control  system  which  maintains  a selected 
temperature  within  ±>°C  and  completes  approximately  six  air  changes  per  hour. 

An  intercommunication  system  is  installed  with  three  pairs  of  jack  plug  sockets 
on  the  inside  wall  of  the  chamber,  two  sockets  on  the  vibration  table  and  two 
pairs  of  sockets  outside  the  room.  Headsets  can  be  connected  to  these  sockets 
in  order  to  facilitate  communication  where  required. 

A large  window  is  built  into  the  wall  of  the  chamber  nearest  to  the 
control  consol  so  that  the  rig  operator  can  easily  see  the  vibration  platform. 

In  order  that  the  subjects  should  not  be  distracted  by  movements  outside  the 
chamber  a one-way  window  effect  was  arranged  by  attaching  lengths  of  25.4mm 
wide  tape  on  the  window  with  about  10mm  gaps  between  each  strip.  The 
inside  face  of  these  strips  was  aluminised  while  the  outside  was  matt  black. 

With  the  light  bright  in  the  chamber  and  dim  outside  a window/mirror  effect  was 
achieved . 

3.2  Seats 

The  space  available  on  the  vibration  rig  platform  is  suff'  .ient  to  accom- 
modate two  subjects  at  the  same  time.  It  was  apparent  that  the  utilisation  of 
this  facility  would  not  only  halve  actual  testing  time  but  would  also  provide  a 
measure  of  control  between  subjects.  A pair  of  seats  divided  by  a screen  was 
therefore  designed  and  constructed.  Although  the  base  securing  members  were  made 
of  steel  the  main  structure  was  of  wood,  since  this  provides  a more  comfortable 
environment  for  the  subjects. 
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The  major  dimensions  of  the  seats  were  all  derived  from  recommendations 
published  by  the  Department  of  Scientific  and  Industrial  Research**.  The  whole 
structure  was  stressed  for  a maximum  vibration  level  of  ±0.5g.  Each  seat  was 
fitted  with  an  arm-rest  on  either  side  and  a 'dry-fluid*^  squab  on  the  back-rest. 
This  squab  was  attached  by  velcro  and  was  adjustable  in  height.  A dry-fluid 
cushion  was  fitted  to  each  seat  pan  providing  comfort  for  all  subjects  while 
transmitting  the  vibration  input  from  the  seat  pan  to  the  subject  with  little 
modification.  The  seats  are  illustrated  in  Figs. 2 and  3. 

3.3  Equipment  and  fittings  on  vibrations  rig 

An  equipment  table  and  angled  writing  desk  were  mounted  in  front  of  each 
seat  (Figs. 2 and  3),  supported  by  the  dividing  screen  on  the  right  hand  side  and 
a rigid  frame  on  the  left.  These  carried  the  oscilloscopes  used  in.  the  tracking 
task  and  the  ancillary  equipment  (books,  writing  pads,  pencils  and  response 
boxes)  for  the  other  tasks  (see  sections  4.2,  4.3  and  4.5).  The  oscilloscopes 
would  be  adjusted  in  height  at  their  forward  end  in  order  to  suit  different 
eye  levels. 

A smaH  two-axis  control  stick  (connected  in  the  fore-and-aft  axis  only) 
of  the  type  used  for  radio-controlled  models,  was  used  for  the  tracking  task. 

This  was  fixed  to  the  dividing  screen  so  that  its  mounting  plate  formed  a 
slightly  lowered  extension  to  the  right  hand  arm-rest  of  each  seat.  It  was 
arranged  to  be  in  as  comfortable  position  as  possible  for  operation  in  the  fore- 
and-aft  axis. 

Headphones  with  boom  microphones  and  transmit  switches  were  connected  into 
the  rig  intercom  system,  and  were  worn  by  each  subject  throughout  the  sessions. 
However,  subjects  were  instructed  to  use  their  microphones  only  in  exceptional 
circumstances.  The  cables  for  the  headsets  were  attached  to  the  top  of  the 
dividing  screen,  while  all  other  cables  were  either  fixed  to  the  seats  or 
concealed  inside  the  cavities  beneath  the  seat  pan  so  as  to  present  as  comfort- 
able and  uncluttered  an  environment  for  the  subjects  as  possible. 

Three  major  safety  features  were  built  into  the  structure  of  this  equip- 
ment (see  Figs. 2 and  3);  they  were:- 

(i)  A foot  guard  fitted  across  the  edge  of  the  vibration  platform  beneath  the 
equipment  table,  designed  to  prevent  subjects*  feet  extending  over  the 
edge  of  the  platform. 


(ii)  A civil-aircraf t,  passenger-type  lap  strap  fitted  to  each  seat;  subjects 
were  instructed  to  wear  this  at  all  times. 

(iii)  A large  'stop'  button  placed  to  the  left  of  each  oscilloscope;  the 
operation  of  either  of  these  buttons  would  shut  down  the  vibration  rig  at 
any  time. 

In  order  to  maintain  a constant  watch  on  both  subjects  a television  camera 
was  focussed  on  the  subject  facing  away  from  the  chamber  window  in  front  of  the 
control  consol.  A monitor  connected  to  the  camera  was  placed  on  top  of  the 
control  consol  so  that  the  vibration  rig  operator  could  watch  both  subjects  at 
the  same  time. 

3.4  Ins  trumentation 

The  only  instrumentation  used  on  the  rig,  apart  from  that  associated  with 
the  tasks,  was  a system  for  monitoring  the  vibration  level  at  the  base  of  the 
seats.  This  consisted  of  a piezo-resistive  accelerometer  (Ether  type  NO.BLA2) 
attached  to  one  of  the  steel  seat  mounting  members  and  forming  half  of  a 
Wheatstone  bridge.  The  other  half  of  the  bridge  was  incorporated  in  an  SEL 
ac  carrier  amplifier,  the  output  from  which  was  fed  to  a Solartron  Digital 
Transfer  Function  Analyser.  This  was  also  supplied  with  a reference  signal  from 
the  main  driving  oscillator  of  the  vibration  rig.  Throughout  the  tests  the 
vibration  level  was  monitored  on  the  TFA  and  maintained  at  a constant  level  by 
minor  adjustments  of  the  vertical  gain  control  of  the  vibration  rig  when 
necessary. 

4 EXPERIMENTAL  PROCEDURE 


4. 1 General  arrangements 

Before  taking  part  in  the  tests  all  subjects  were  examined  by  the  Staff 
of  the  Medical  Services  Department  at  RAE  and  passed  as  fit  to  take  part  in  the 
vibration  tests.  The  Senior  Medical  Officer  also  supplied  a medical  attendant 
during  the  vibration  sessions  - this  was  unknown  to  the  subjects. 

During  the  week  preceding  each  series  of  tests,  subjects  attended  short 
sessions  at  the  rig  on  most  mornings  and  afternoons.  The  purpose  of  these  visits 
was  primarily  to  instruct  them,  and  then  to  allow  them  practice  runs  on  the 
tracking  task,  both  with  and  without  vibration.  They  were  also  instructed  in  the 
writing  task,  allowed  to  experience  the  vibrations  for  a time  and  generally  to 
become  accustomed  to  the  surroundings  and  feel  of  the  equipment.  The  first  day 
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of  the  tests  week  was  for  instruction  and  practice  purposes.  Subjects  were 
carefully  briefed  on  the  importance  of  the  experiment  and  its  dependence  on 
‘ their  consistent  co-operation  and  perseverance  throughout  the  week.  The  method 

of  scoring  was  fully  explained  including  the  fact  that  some  of  their  results 
would  be  given  to  them  and  displayed  outside  the  test  chamber  while  other  results 
would  not  be  displayed  and  they,  nor  any  of  the  other  subjects,  would  ever  know 
the  scores.  As  far  as  was  possible  on  this  first  day  the  programme  of  tasks  that 
was  to  be  followed  on  the  ensuing  days  was  adhered  to.  It  was  however  necessary 
for  the  experimenters  to  enter  the  chamber  from  time  to  time  for  instruction 
purposes.  On  the  other  four  days  it  was  intended  that  the  doors  of  the  chamber 
should  remain  closed  from  start  to  finish.  All  conditions  within  the  chamber 
were  kept  as  similar  as  possible  on  the  first  day  to  those  to  be  used  during  the 
rest  of  the  week. 

Before  each  session  began,  subjects  * watches  were  removed  so  that  they 
would  have  no  time-reference  during  the  tests  except  those  they  associated  with 
the  programme  of  tasks  and  those  introduced  by  the  experimenters.  Subjects 
were  supervised  while  taking  their  place  on  the  vibration  rig  and  their  seat 
belts  checked  for  correct  positioning.  They  were  instructed  not  to  leave  their 
seats  without  the  permission  and  attendance,  of  a member  of  the  experimental  team 
except,  if  an  emergency  occurred,  after  pressing  the  ’stop’  button  and  allowing 
the  rig  to  park. 

Throughout  the  experiment  conditions  in  the  chamber  were  kept  as  constant 
as  possible;  the  temperature  was  maintained  between  72°  and  74°C.  The  only  real 
variations  in  test  conditions  apparent  to  the  subjects  were  the  presence  or 
absence  of  the  vibration  and  their  knowledge  or  lack  of  knowledge  of  their 
results  (see  section  5.1).  Subjects  were  reminded  before  each  task  whether  they 
would  have  this  knowledge  of  their  results  or  not.  When  knowledge  of  results 
was  supplied  it  was  done  for  the  vigilance  and  tracking  tasks,  immediately  on  ■ 
completion  of  each  task.  Each  subject,  of  course,  knew  how  well  he  performed  in 
the  search  task,  but  he  was  told  his  co-subject's  score  at  the  end  of  each 
'with  knowledge  of  results'  sessions.  The  writing  was  not  marked  till  after  all 
the  sessions  were  completed.  The  'with  knowledge'  results  were  marked  up  on  a 
' board  outside  the  vibration  chamber  so  that  each  subject  could 'compare  his 

results  with  those  of  others. 

4 

4.2  Wilkinson  vigilance  task  - . 

For  this  task  subjects  are  asked  to  listen  to  short  tones  (600Hz)  trans- 
mitted to  their  headphones  at  two-second  intervals  against  a background  of 
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nominally  white  noise.  The  majority  of  these  notes  are  of  nominally  500ras 
duration  with  occasionally  (on  average,  every  l$min)  one  of  nominally  400os 
duration  - the  signal.  The  object  of  the  task  is  to  detect  these  short  notes. 
Subjects  were  instructed  to  press  a white  button  on  their  response  box  (Fig. 4) 
immediately  they  detected  one  and  then  to  press  another  button  to  indicate  their 
level  of  confidence  in  their  detection  of  the  signal.  The  standard  procedure 
was  used  for  these  tests,  although  there  was  no  intention  of  analysing  the 
confidence  ratings  because  the  number  of  subjects  was  too  small  to  yield  useful 
results. 

The  response  from  the  buttons  was  recorded  on  a two-channel  pen  recorder 
which  also  recorded  the  occurrence  of  actual  short  tones.  The  duration  of  each 
vigilance  task  was  one  hour. 

On  a practice  day,  before  each  series  of  tests,  recorded  instructions  were 
played  to  the  subjects;  these  presented  them  with  all  the  information  they 
required  to  carry  out  the  task.  This  was.' followed  by  a programme  of  tasks  similar 
to  those  they  would  have  to  complete  on  the  other  four  days  of  the  week.  On  the 
first  of  these  days,  the  first  one-hour  vigilance  task  was  preceded  by  a further 
short  period  of  instruction  and  practice,. 

The  number  of  signals  detected  were  scored  for  each  subject  after  each 
quarter  of  an  hour,  as  well  as  for  the  whole  task.  False  detections  and  levels 
of  confidence  were  also  noted. 

/ * 

On  each  response  box  was  a red  button  which  was  connected  to  a warning 
light  on  the  control-  consol  of  the  vibration  rig.  Subjects  were  asked  to  use 
this  button  should  they  want  to  attract  the  attention  of  the  experimenters  at 
any  time. 

V / 

Before  the  tests  commenced,  recordings  were  made  of  the  noise  received  at 
the  ears  of  each  subject  during  the  vigilance  task,  under  test- conditions. 

Details  of  the  technique  and  the  results  obtained  are  given  in  Appendix  A. 

4.3  Search  task 

Each  subject  was  provided  with  a booklet  containing  printed  sheets  of 
random  letters  (an  example  is  illustrated  in  Fig.5).  At  the  top  of  each  page  was 
written  a letter  (in  Fig.5,  the  letter,  s)  of  which  there  were  only  five  similar 
letters  on  that  page;  subjects  were  asked  to  find  and  circle  these  ^targets’. 

They  were' instructed  to  search  fn  any  way  they  wished  but  to  continue  searching 
until  they  had  found  all  five  targets.  Then,  and  only  then,  were  they  to  turn 
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to  the  next  sheet  where  a different  target  would  be  shown  at  the  top,  and  a fresh 
search  began.  This  was  to  be  continued  until  they  were  instructed  to  stop;  the 
duration  of  the  task  was  !2rain.  At  three-minute  intervals  the  subjects  were 
instructed  over  the  intercom  to  mark  their  books:  1 after  3inin,  2 after  6min  and 
3 after  9min  in  the  right  hand  column  of  the  page  they  were  searching,  the  number 
to  be  positioned  according  to  the  number  of  targets  they  had  found  on  the  page 
at  that  time,  i.e.  one  target  - 1/5  of  the  way  down  the  page,  two  targets  - 
2/5  down,  etc.  At  the  end  of  the  12min  subjects  were  asked  to  draw  a line  at 
the  bottom  of  the  page  they  were  searching  and  to  put  the  books  to  one  side  and 
fate  downwards  - this  precaution  being  taken  to  avoid  any  temp  cation  to  look  at 
the  books  during  the  vigilance  task. 

Each  12min  trial  was  scored  according  to  the  total  number  of  targets 
detected. 

4 . 4 Tracking  task 

For  this  task  the  subject  uses  a small  control  stick,  of  the  type  used  for 
radio-controlled  models,  to  track  a task  displayed  on  an  oscilloscope.  The 
screen  of  the  oscilloscope  has  one  horizontal  line  across  it  which  can  be  moved 
either  by  the  movement  of  the  control  stick  in  its  fore-and-aft  axis,  or  by  an 
external  voltage  applied  to  the  Y-akis  of  the  oscilloscope.  The  task  is  of  the 
compensatory  type;  any  displacement  of  the  control  stick  resulting  in  a directly 
proportional  displacement  of  the  line.  When  the  external  signal  voltage  is 
switched  to  the  oscilloscope  the  line  moves  up  and  down  the  screen,  while  the 
subject  attempts  to  keep  it  on  the  centre  line  by  movements  of  the  control  stick. 
Pointers  are  positioned  on  either  side  of  the  screen  to  help  subjects  identify 
the  centre  during  the  task. 

The  task  error  is  proportional  to  the  distance  of  the  line  from  the  centre 
of  the  screen.  This  error,  as  a voltage  level  in  the  task  equipment,  is 
integrated  ->vcr  the  tracking  period,  which  for  this  experiment  was  taken  as 
3min;  the  integral  being  recorded  as  the  error  score.  The  movement  of  the  line 
and  the  integrated  error  for  each  subject  was  recorded  during  each  task  on  a 
four-channel  pen  recorder;  r.a  example  of  the  traces  recorded  is  shown  in  Fig. 6. 

The  input  voltage  of  this  tracking  task  is  of  a dual  frequency  repetitive 
nature,  which  a subject  learns  with  practice.  It  is  therefore  necessary  for 
subjects  to  practice  the  task,  prior  to  the  commencement  of  the  tests,  until 
their  scores  cease  to  show  any  improvement  between  runs.  This  practising  was 
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carried  out  during  the  week  preceding  each  series  of  tests,  when  subjects  com- 
pleted two  tasks  on  each  morning  and  afternoon  until  their  scores  stabilized  both 
with  and  without  vibration.  This  learning  period  also  served  to  filter  out 
unsuitable  subjects.  For  this  experiment,  one  volunteer  was  found  whose  learning 
curve  showed  no  signs  of  levelling  out,  and  he  was  not  used  as  a subject. 

A full  description  of  the  dimensions  and  construction  of  this  task  is  given 
in  Appendix  B. 

4.5  Writing  task 

Each  subject  was  provided  with  a shorthand  note-pad  and  a pencil,  and  an 
example  of  the  writing  task  was  attached  to  the  left  hand  side  of  their  writing 
desks.  This  is  illustrated  in  Fig. 7.  The  experimenter  instructed  the  subjects 
when  to  carry  out  the  task  and  at  the  same  time  informed  them  of  the  date  and 
time  of  day.  The  quality  of  each  transcript  was  later  assessed  by  a school- 
teacher using  a 0-10  scale. 

4.6  Measurement  of  sight  and  hearing 

In  order  to  try  to  detect  any  visual  fatigue  effects  a series  of  measure- 
ments were  made  before  and  after  each  session.  The  ability  to  read  ac  close 
proximity  was  measured  using  a seven-line  near-point  reading  chart;  six  charts 
were  used  during  the  tests  so  that  subjects  would  not  become  accustomed  to  any 
one.  Subjects  near  point  and  accommodation  point  were  measured  using  an  RAF 
Near  Point  Rule,  while  by  using  a Maddox  Wing  the  degrees  of  hyperphoria  or 
hypophoria  and  esophoria  or  exophoria  present  in  the  alignment  of  subjects'  eye 
axes  could  be  measured. 

v To  detect  any  aural  fatigue,  audiometric  measurements  were  conducted  on 

each  ear  of  each  subject  before  and  after  each  day's  sessions.  The  subjects' 
threshold  of  hearing  was  noted  for  500Hz  and  4kHz. 

5 EXPERIMENTAL  DESIGN 

5. 1 Plan  of  experiment 

The  arrangement  of  the  variables  vibration  and  knowledge  of  results  for 
each  pair  of  subjects  is  shown  in  the  table  below. 
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\ Day 
SubJectS. 

i 

2 

3 

4 

$ 

NV/K 

V/NK 

V/K 

NV/NK 

V/NK 

NV/K 

NV/NK 

V/K 

a 

NV/NK 

V/K 

V/NK 

NV/K 

V/K 

NV/NK 

NV/K 

V/NK 

V * with  vibration 
NV  * with  no  vibration 
K * with  knowledge  of  results 
NK  ■*  with  no  knowledge  of  results 


5.2  Programme  of  tasks 

A timetable  of  the  sessions'  programme  is  given  in  Fig. 8.  The  order  of 
tasks  for  each  session  was  arranged  as  thres  series  of  the  short  tasks  divided 
by  two  periods  of  the  vigilance  task.  The  timing  of  the  short  tasks  was  as 
follows 


Period  of  elapsed  time 
(min) 

0 

4 

5 
19 
23 


Task  started 

tracking 

writing 

search 

tracking 

finish 


V 

i' 


The  duration  of  each  of  the  vigilance  tasks  was  one  hour,  and  the  overall 
programme  of  tasks  was  as  follows 


Period  of  elapsed  time 
(min) 

0 

23 

84 

107 

168 

191 


Task  started 

short  tasks 
vigilance  task 
short  tasks 
vigilance  task 
short  tasks 
finish 
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The  times  listed  are  approximate  but  only  slight  variations  were 
observed  on  days  one  to  four.  The  practice  day  cook  somewhat  longer  due  in 
part  to  approximately  an  extra  20min  at  the  beginning  for  the  vigilance  task 
instruction  tape  and  also  to  the  explanations  and  instructions  required  during 
the  session  in  general. 


RESULTS 


6. 1  General  presentation 

The  age,  height  and  weight  of  each  subject  are  shown  in  Table  1,  while  the 
audio  and  visual  measurements  taken  before  and  after  each  session  are  recorded 
in  Tables  2a  to  2h.  Subjects*  scores  for  the  four  tasks  are  shown  in  Tables  3a 
to  3h,  each  table  having  a complete  set  of  results  for  each  subject.  Tables  2 and 
3 have  the  experimental  condition  as  given  in  section  5.1  shown  at  the  top  of 
each  session's  result  column. 


6.2  Vigilance  task 

The  quarter  hour  scores  for  each  subject  on  each  test  day  (session)  are 
shown  in  Tables  3a  to  3h.  These  scores  have  been  averaged  to  show  the  difference 
between  the  no-vibration  (NV)  and  vibration  (V)  cases  (Fig. 9)  and  the  difference 
between  the  four  different  combinations  of  test  conditions  (V/K,  V/NK,  NV/K, 
NV/NK)  over  the  one-hour  duration  of  the  task  (Fig. 10).  Fig. 11  again  illustrates 
the  difference  between  the  no-vibration  and  vibration  cases  but  with  the  first 
and  second  tasks  of  each  day  treated  separately.  The  average  vibration  values 
have  then  been  divided  by  the  average  no-vibration  values  in  order  to  obtain  the 
relative  efficiencies  and  these  are  illustrated  in  Fig. 12. 

6.3  Visual  search  task 


The  averaged  results  of  all  eight  subjects  are  shown  in  Figs. 13  and  14 
(no  consideration  has  been  given  to  the  effect  of  knowledge  of  results  on  the 
subject's  performance  of  this  task). 


Fig. 13  shows  the  results  of  the  three  tasks  carried  out  during  each  session 
for  the  vibration  and  no-vibration  cases.  Fig. 14  shows  the  performance  efficiency 
in  the  vibration  case  in  relation  to  the  no-vibration  case. 


6.4  Tracking  task 


The  tracking  task  error  scores,  averaged  for  all  subjects,  for  each  of  the 
four  test  conditions  are  shown  in  Fig. 15  plotted  against  the  elapsed  time  of 
the  task  sessions.  Fig. 16  shows  the  variation  of  the  vibration  and  no-vibration 
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scores,  while  Fig. 17  is  a plot  of  the  ~elative  efficiency  calculated  as  the 
reciprocal  of  the  fraction  of  the  <.ng  error  under  vibration  in  relation  to 

the  error  scored  with  no  vibratic  . present. 

A record  was  made  of  the  tracking  errors  scored  by  each  subject  during 
both  the  actual  test  sessions  and  the  training  sessions  carried  out  before  the 
tests  began.  These  are  all  plotted  for  each  subject  in  Fig. 20. 

6.5  Writing  task 

The  marks  awarded  for  each  subject's  written  task  have  been  averaged  for 
the  vibration  and  no-vibration  cases  and  are  plotted  in  Fig. 18.  Relative 
efficiency  has  again  been  calculated  as  the  score  under  vibration  in  relation 
to  the  score  with  no  vibration  and  is  shown  in  Fig. 19. 


6.6  Statistical  analysis 

6.6.1  The  statistical  test  used 

The  test  used  for  this  analysis  was  the  Wilcoxon  Matched-Pairs  Signed-Ranks 
Test  described  by  Siegel  in  Ref. 8.  Throughout  this  section  'not  significant' 
unqualified  means  that  the  difference  was  not  statistically  significant  at  the 
5%  level. 

6.6.2  Results  of  statistical  analysis 

(a)  Vigilance  task 

The  overall  difference  in  performance  due  to  vibration  was  moderate  and 
failed  to  reach  significance.  Performance  declined  from  first  to  second  vigilance 
tests  in  the  session  (P  < 0.02),  This  deterioration  was  significant  with  no 
vibration  (P  < 0.02)  but  not  with  vibration  present.  Thus  the  overall  effect  of 
vibration  was  to  reduce  within-session  deterioration  in  performance,  although  the 
interaction  term  was  not  significant. 

If,  however,  the  knowledge  (K)  and  no  knowledge  (NK)  of  results  conditions 
are  considered  separately  contrasting  trends  appear  in  the  second  test  run  of 
the  three  hour  session.  With  K vibration  impaired  performance  but  not  signific- 
antly, with  NK  it  improved  it,  though  not  significantly.  This  contrast  in  the 
effect  of  vibration  as  a function  of  whether  conditions  are  motivating  or  not  is 
reflected  in  the  interaction  between  the  vibration  and  knowledge  of  results 
variables  ((NV/K  - V/K)  - (NV/NK  - V/NK)),  which  increased  during  the  course  of 
the  session  from  first  to  second  test  run  but  not  significantly. 


Fig. 9 shows  how  performance  deteriorated  from  first  to  second  half  of  the 
test  with  both  V and  NV  (P  < 0.0!  in  each  case).  The  deterioration  was  only 
slightly  more  with  vibration  than  with  no  vibration,  che  difference  failing  to 
reach  significance. 

When  motivation  is  considered  (Fig. 10)  contrasting  effects  of  vibration 
again  appear  as  a function  of  time  within  the  test  and,  while  not  significant, 
are  in  the  same  direction  as  those  for  time  between  tests  during  the  course  of 
the  three-hour  session:  vibration  impairs  performance  with  time  when  conditions 
are  motivating  (K)  but  not  otherwise  (NK) . 

Finally,  false  reports  showed  no  relevant  significant  changes. 

(b)  Visual  search  task 

In  this  task  a significant  (P  < 0.05)  adverse  effect  of  vibration  in  the 
first  run  was  reduced  to  insignificance  by  the  third.  The  variable  of  knowledge 
of  results  introduced  no  significant  changes. 

(c)  Tracking  task 

Performance  was  worse  in  the  vibration  than  in  the  no-vibration  sessions , 
(P  < 0.05)  and  this  was  more  pronounced  with  no-knowledge  of  results  than  with 
knowledge,  although  this  interaction  was  not  significant.  In  terms  of  within- 
session  changes,  performance  improved  during  the  sessions  both  with  and  without 
vibration. 

This  improvement  was  more  marked,  though  not  significantly  so,  with 
vibration. 

(d)  Handwriting  task 

Vibration  clearly  impaired  handwriting  (P  < 0.02).  There  was  a deteriora- 
tion not  significant  from  first  to  third  trial  in  both  conditions. 

6.7  Sight  and  hearing  measurements 

The  results  of  the  optical  and  aural  measurements  are  recorded  for  each 
subject  in  Table  2.  The  test  conditions  of  each  day  are  shown,  and  the  number 
of  the  reading  chart  used.  Where  values  of  seven  for  the  reading  chart  and  six 
for  the  near  point  are  recorded,  it  indicates  that  the  subject  has  achieved  the 
maximum  of  the  equipment,  since  the  reading  charts  had  seven  lines  and  the 
minimum  distance  on  the  RAF  near  point  rule  is  60mm.  The  red  (vertical)  scale 
of  the  Maddox  Wing  was  read  as  up-positive  and  down-negative,  where  positive 
indicates  hyperphoria  and  negative  hypophoria.  The  white  scale  was  read  with 
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odd  numbers  to  the  left  and  even  numbers  to  the  right,  where  even  numbers 
indicate  esophoria  (divergence  in)  and  odd  numbers  exophoria  (divergence  out) . 

6.8  Subjects*  comments 

During  the  experiment  the  comments  of  subjects  in  relation  to  the  vibra- 
tions severity  and  duration  were  noted.  The  initial  reactions  of  all  subjects 
to  the  vibration  was  one  of  concern  that  they  were  expected  to  tolerate  the 
vibration  for  over  three  hours.  However,  after  a very  short  time  they  became 
less  alarmed,  and  by  the  end  of  each  vibration  session  indicated  that  the 
vibrations  caused  them  much  less  discomfort  than  they  had  originally  anticipated. 
In  fact,  subjects,  in  general,  became  more  concerned  at  the  length  of  time  they 
were  required  to  spend  on  the  rig  than  about  whether  the  vibration  was  going  to 
be  on  or  off. 

7 DISCUSSION 

The  statistical  significance  of  the  differences  discussed  below  are  given 
in  section  6.6.  The  following  is  a qualitative  discussion  of  the  results. 

7. 1 Vigilance  task 

The  average  performance  of  this  task  is  apparently  little  affected  by  the 
introduction  of  vibration;  the  signals  detected  are,  on  average,  the  same  under 
both  vibration  and  no-vibration  conditions  (Fig. 9).  The  results  show  a greater 
variation  when  the  knowledge  (K)  and  no-knowledge  (NK)  cases  are  treated  separ- 
ately (Fig. 10).  The  no-knowledge  results  are  shown  as  somewhat  inferior  to  the 
with-knowledge  results,  while  the  fourth  quarter  scores,  with  knowledge  .of 
results,  is  the  only  place  where  a difference  is  found  between  the  vibration 
and  no-vibration  cases.  The  difference  here  however  shows  the  better  scores 
with  the  ’ibration  present. 

When  the  two  tasks  of  each  session  are  Lreated  separately,  and  considering 
the  no-knowledge  and  with-knowledge  cases  combined,  little  difference  is  again 
apparent  between  vibration  and  no-vibration  cases  (Fig. 11  and  Fig. 12).  What 
difference  there  is  occurs  in  the  second  task  and  does  not  suggest  any  decrement 
in  perfornunce  throughout  the  session  due  to  the  presence  of  the  vibration. 

7.2  Visual  search  task 

The  averaged  results  of  this  task  are  plotted  in  Fig. 13  against  elapsed 
time.  They  show  a slightly  impaired  performance  under  vibration  compared  with 
no-vibration.  Under  both  conditions  the  third  task  shows  an  improved  performance 
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compared  with  the  fir3t  two  tasks.  The  relative  efficiency  curve  (Fig. 14)  shows 
no  evidence  of  there  being  any  time-dependent  performance  decrement  due  to  the 
vibration  during  the  period  of  the  test  sessions. 

The  very  wide  scatter  in  results,  both  inter  and  intra-subjects,  may  be 
partly  attributed  to  the  fact  that  each  page  (five  targets)  had  to  be 
completed  before  proceeding  to  the  next  page,  so  that  subjects  tended  to  be  stuck 
when  they  needed  only  one  or  two  more  targets  to  complete  the  page.  Out  of  the 
96  scores  43  were  at  10  or  less  and  of  these  no  less  than  nine  were  at  4,  and 
16  were  at  9.  The  effect  was  less  evident  when  the  search  was  running  smoothly 
and  higher  scores  achieved.  There  was  no  apparent  difference  in  this  effect 
with  duration  or  vibration. 

7.3  Tracking  task 

Fig. 15,  which  illustrates  the  trends  of  tracking  error  for  the  four 
separate  test  conditions  shows  little  effect  of  knowledge/no-knowledge  of 
results,  except  under  vibrations  where  the  error  scores  with  knowledge  of 
results  are  consistently  a little  less  than  with  no  knowledge  of  results.  It 
is  apparent  in  Fig. 15  and  substantiated  by  Fig. 16,  which  shows  the  difference 
between  vibration  and  no-vibration  tasks,  that  the  tracking  errors  were  larger 
under  vibration.  The  relative  efficiency  (Fig. 17)  shows  that  during  the  test 
period  there  is,  after  the  initial  impairment  of  task  performance  due  to  the 
vibration,  a further  drop  in  performance  over  about  the  first  20min  due  to 
the  presence  of  the  vibration.  This  is  followed  by  an  increase  in  relative  per- 
formance up  to  somewhere  between  the  103rd  and  168th  minutes  followed  by  a final 
decrease.  The  relative  efficiency  curve  therefore  suggests  that  there  may  be 
some  vibration-related  .time  effect  resulting  in  a decrease  in  task  performance 
after  about  two  hours.  However,  at  the  end  of  the  three  hours  the  task  was  still 
being  performed  more  efficiently  than  at  a point  20min  from  the  start. 

The  complete  sets  of  tracking  error  scores  for  each  subject  shown  in 
Fig. 20,  provide  additional  information  on  the  performance  of  tracking  tasks  in. 
general  and  of  this  task  in  particular.  Examination  of  each  subject’s  results 
reveals  the  very  great  differences  which  exist  between  the  amount  of  learning 
and  rate  of  learning  achieved,  and  the  different  levels  at  which  subject  per- 
formance becomes  constant.  The  authors  believe  that  this  is  a very  important 
point  to  be  considered  when  conducting  future  experiments  involving  tracking 
tasks.  Ideally  subjects'  results  should  have  been  consistent  both  with  and 
without  vibration  before  the  test  sessions  were  begun.  Unfortunately,  although 
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the  scores  without  vibration  showed  little  evidence  of  learning  during  the 
testing  days,  there  was  evidence  of  some  learning  under  vibration  (subjects  a,  b, 
c and  h) . The  effects  of  this  continued  learning  would  however  be  largely 
eliminated  in  the  analysis  by  the  balanced  arrangement  of  the  vibrations/ 
no-vibration  conditions . 

7.4  Writing  task 

As  would  be  expected  a considerable  impairment  of  clarity  is  caused  by 
the  vibration;  this  is  illustrated  in  Fig. 18.  On  average  subjects  were  only 
just  over  60%  as  efficient  under  vibration  as  they  were  without.  However,  there 
appeared  to  be  no  time-related  effect  of  the  vibration  on  the  performances  of 
this  task  (Fig. 19). 

7.5  Sight  and  hearing  measurements 

None  of  the  four  tests  made  on  each  subject  before  and  after  each  session 
shows  any  differential  fatigue  effect  between  the  vibration  and  no-vibration 
cases.  As  would  be  expected  a slight  and  temporary  threshold  shift  of  subjects' 
hearing  was  recorded  after  each  test,  this  would  probably  be  due  to  the  total 
of  two  hours'  exposure  to  the  noise  of  the  vigilance  task.  There  is  however, 
little  evidence  of  a decrement  in  near  point  and  accommodation  point  after  each 
session. 

7 . 6 Subjects'  comments 

The  comments  of  subjects  on  the  vibration  level  and  duration  of  exposure 
illustrate  the  immediate  problems  involved  in  subjective  assessment  experiments. 
The  human  tolerance  to  vibrations,  at  this  frequency  at  least,  is  far  greater 
than  the  subjects  at  first  thought*. 

7.7  Individual  versus  average  results 

As  a general  point  it  should  be  noted  that  all  the  statistical  analyses  for 
significance  are  based  on  average  not  individual  results . The  experimental 
design  inhibits  examining  the  latter  (individual  replications  would  have  been 
needed,  making  the  experiment  too  lengthy).  Inspection  of  the  results  suggests 
that  there  were  no  major  differences  in  subjects*  reactions  to  vibration  or  time. 

8 CONCLUSIONS 

This  experiment  was-evolved  to  explore  the  validity  of  certain  aspects  of 
ISO  International  Standard  2631  *.  Since  the  experiment  was  completed  the 
British  Standards  Institution  has  published  a Draft  for  Development  "Guide  to  the 
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Evaluation  of  Human  Exposure  to  Whole-Body  Vibration"  , which  suggests  the 

same  limits.  The  findings  of  this  Report  may  therefore  be  related  to  both  of 

these  documents.  It  should  however,  be  remembered  that  only  one  acceleration 
2 

level  (1.2m/s  rms)  at  one  frequency  has  been  examined  and  consequently  the 
conclusions  drawn  apply  only  to  this  one  condition;  they  do  not  necessarily 
apply  to  any  other  part  of  the  'Guides'.  Also,  the  conclusions  only  apply  to 
the  effects  of  a very  limited  number  of  exposures  (2x3  hours  per  subject),  and 
do  not  therefore,  cover  possible  cumulative,  working  life  exposure  effects. 
Lastly,  the  conclusions  apply  to  mean  results  from  eight  subjects.  Individual 
effects  could  well  be  different  although  there  were  no  major  differences  obvious 
between  the  reactions  to  vibration  or  time  of  the  eight  subjects  tested. 

The  time-dependency  in  the  Fatigue-Decreased  Proficiency  boundary  specified 
in  the  Standards  has  not  been  substantiated  by  this  experiment.  The  F-DP 
boundar>  implies  that  a decrease  of  proficiency  should  have  occurred  after  a 
period  of  about  one  hour,  but  none  of  the  tests  showed  any  decrement  in  perform- 
ance (other  than  that  initially  obtained  due  to  vibration)  after  this  period  of 
time.  In  fact  the  tracking  task  showed  considerable  improvement  in  performance 
after  about  AOmin.  This  task  was  however,  the  only  one  that  provided  any  evi- 
dence of  a time-linked  performance  decrement  during  the  three  hours,  and  this 
occurred  after  about  two  hours  of  vibration.  The  decrement  was,  however,  of 
insufficient  magnitude  and  too  near  the.  end  of  the  session  to  be  conclusive. 

The  other  three  tasks  provided  no  evidence  of  any  performance  decrement  due  to 
prolonged  vibration  effects,  in  fact  the  vigilance  task  and  visual  search  task 
showed  some  indication  of  improvement  during  the  later  stage  of  the  sessions. 

This  was,  however,  only  slight,  and  could  be  due  to  scatter. 

* 

Although  not  the  prime  objective  on  this  investigation,  certain  conclu- 
sions can  be  drawn  regarding  the  F-DP  levels  for  short  exposures.  The  Standards 
suggest  that  nominal  maximum  levels  of  2.8m/s  rms  at  5Hz  for  1-Amin  exposure  to 
vertical  vibration,  will  not  produce  'a  significant  risk  of  impaired  working 

efficiency  in  many  kinds  of  tasks'.  In  fact  although  the  acceleration  used 
2 

(I.2m/s  ) was  well  below  this  level,  it  still  caused  an  immediate  appreciable 
decrease  in  performance  in  three  out  of  the  four  tasks  used  (visual  search, 
tracking  and  writing).  This  underlines  the  importance  of  the  'Note'  in  the 
Standards,  that  a correction  factor  of  between  l.A  3nd  0.25  times  the  nominal 
values  may  be  needed  to  cover  the  different  sensitivities  to  vibration  of  various 
kinds  of  task. 
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Similarly,  some  comments  can  be  made  on  the  accuracy  of  the  'Reduced 
Comfort  Boundary'  and  the  'Exposure  Limit'.  The  Standard  implies  that,  since  the 
level  of  vibration  used  in  the  experiment  was  above  the  l-4min  Reduced  Comfort 
Boundary,  the  vibration  would  be  immediately  uncomfortable.  This  was  fouid  to 
be  so,  every  subject's  initial  reaction  being  one  of  considerable  discomfort. 
However,  subsequent  comments  indicated  that  subjects  tended  to  suffer  less  dis- 
comfort as  the  vibration  continued  and  they  appeared  to  adapt  to  it.  The  dura- 
tion of  the  daily  sessions  was  just  over  three  hours,  coinciding  with  the 
'Exposure  Limit'.  It  was  found  however,  that  subjects  were  not  distressed  in 
any  way  by  being  exposed  to  the  vibration  for  this  length  of  time.  The  only 
discomforts  were  those  normally  associated  with  sitting  in  one  place  for  such  a 
period  of  time.  These  findings  underline  the  pitfalls  inherent  in  the  present 
widespread  practice  of  assessing  comfort  reaction  by  a very  short  exposure  to 
vibration  and  in  the  associated  practice  of  estimating  tolerable  times  from 
such  an  exposure. 

The  measurements  of  subjects'  visual  acuity  and  hearing  threshold  made 
before  and  after  each  three-hour  session,  indicate  that  there  was  no  obvious 
visual  or  aural  fatigue  caused  by  the  prolonged  tasks  or  by  the  prolonged  exposure 
to  vibration. 

9 FURTHER  WORK 

No  further  work  is  planned  at  RAE  at  present,  but  if  further  time- 
dependency  experiments  are  carried  out,  it  is  suggested  that  these  should  look 
into  the  effects  on  individuals,  the  effects  of  random  as  opposed  to  sinusoidal 
vibration  and  the  effects  of  prolonged  vibration  on  the  performance  of  continuous 
tasks. 
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Appendix  A 

SIGNAL  PRODUCED  FOR  THE  WILKINSON  VIGILANCE  TASK 

As  described  in  section  4.2  the  Wilkinson  vigilance  task  is  an  audio  task 
for  which  subjects  are  asked  to  listen  to  notes,  transmitted  to  them  at  two- 
second  intervals,  against  a background  of  what  is  approximately  white  noise. 

The  normal  notes  are  of  about  500ms  duration,  but  occasionally  one  of  400ras 
duration  is  substituted.  This  occurs  on  average  once  every  l^min  and  subjects 
are  asked  to  respond  by  pressing  buttons  on  a box  as  described  in  section  4.2. 

The  task  was  transmitted  to  the  subjects  from  a tape  recorder.  It  was 
noticable  that  variations  occurred  in  frequency  content  and  volume  of  the 
signal;  the  latter  could,  however,  be  corrected  within  the  equipment  used.  It  is 
apparent  that  other  factors  may  also  affect  what  the  subjects  actually  hear,  for 
example,  the  response  characteristics  of  the  tape  recorder,  intercom  system  and 
headphones  will  all  contribute  to  an  overall  modification  of  the  signal  before 
it  reaches  the  subject.  It  was  therefore  decided  to  measure  and  analyse  the 
signal  received  by  each  ear  of  two  subjects,  one  in  each  seat. 

For  these  measurements  a Knowles  miniature  microphone  type  1670  was 
connected  to  a Nagra  single-channel  tape  recorder,  with  a power  pack  and  a Bruel 
and  Kjaer  sound  level  meter.  The  microphone  was  fitted  into  each  of  the  ears  of 
each  subject  in  turn,  while  the  subjects  listened  to  the  task.  All  conditions 
in  the  chamber  were  as  for  the  no-vibration  sessions,  i.e.  the  rig  hydraulic 
system  was  running  but  the  seats  were  stationary.  After  the  recordings  had  been 
made  a further  recording  was  made  of  the  noise  in  the  left  ear  of  each  subject 
with  the  task  switched  off.  The  recordings  were  then  replayed  into  a Bruel  and 
Kjaer  Real  Time  Analyser,  which  measured  the  amplitude,  levels  in  1/3  octave 
bands  between  125Hz  and  4 KHz.  These  have  been  plotted  in  Fig. 21  as  dB  levels 
against  frequency. 

It  can  be  seen  from  Fi^, .21  that  three  of  the  recordings  with  the  task  on 
are  very  similar  but  one  is  different.  This  would  suggest  that  subject  II  did 
not  have  the  headphone  positioned  correctly  over  his  left  ear.  This  is  sub- 
stantiated by  the  task-off  recordings,  since  the  level  in  the  left  ear  of 
subject  II  is  shown  much  higher,  suggesting  a leak  of  chamber  noise  into  the 
ear.  This  is,  however,  a possible  situation  during  the  tests,  and 'the  analysis 
therefore  gives  a general  picture  of  what  subjects  probably  hear. 

The  dB  levels  recorded  yhere  the  short  notes  occur  can  be  seen  at  630Hz, 


and  are  arrowed. 
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Appendix  B 
TRACKING  TASK 

The  task  has  been  used  in  a similar  form  for  a number  of  years  by  BAC, 
Bristol  and  RAE. 

The  measurement  of  task  proficiency  has  been  obtained  by  a mean-error 
method.  The  equipment,  as  described,  supplies  single-axis  tasks  for  two  subjects 
simultaneously,  although  it  is  normally  used  as  a two-axis  task  for  one  subject. 

The  tasks  are  generated  by  applying  signals  to  the  y plates  of  two 
oscilloscopes. 

The  y signal  is  the  function 

. nt  / . 1 lirt  . 1 lTTt\ 

y = sm  -77T  - sm  + cos  ) . 


The  x signal  is  the  function 


x * 


sin 


Jt  x irt 

To  + cos  To  + cos 


1 1 TTt 
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These  two  functions  are  obtained  by  mixing  the  outputs  obtained  from  two 
oscillators,  one  at  a frequency  of  0.05Hz  and  one  at  0.18Hz. 

Circuit  diagram  for  oscillators 


i 


on 
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Component  values  for:- 

0.05?Ir  oscillator  C.18Hz  oscillator 


R1 

* 

12kfl 

R1 

fl 

12kft 

R2 

a 

5.6kn 

R2 

= 

5.6kO 

R3 

tx 

I2kft 

R3 

•a 

12kfl 

R4 

- 

220k0 

S4 

- 

82kfl 

R5 

* 

220k0 

R5 

ss 

82kn 

R6 

= 

220kfi 

R6 

ss 

82kfl 

R7 

IK 

4701& 

R7 

s 

470kJl 

R8 

8 

12kfl 

R8 

3 

12k»1 

R9 

8 

121cft 

B9 

- 

12kfi 

VR1 

m 

500kft 

VR1 

as 

500kH 

VR2 

- 

5k fi 

VR2 

3 

5kfl 

C1 

as 

8.2yF 

C1 

3 

8.2yF 

C2 

SB 

8.2yF 

C2 

- 

8. 2yF 

x-task  generator 


to  oscilloscope 
and  pen  recorder 
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Rj  - 330kft 

R2  - 470kfl 

R3  - 390kft 

R,  - 220kn 

R5  - 470kiJ 

R,  - 470kf! 
o 

R?  - 330kf2 
Rg  - 1MR 

VRI  **  ,Mfl 

The  suffix  3 on  the  input  connections  signifies  output  of  0.05Hz 
oscillator,  and  suffix  11  the  output  from  the  0.18Hz  oscillator.  The  potentio- 
meter gives  the  scaling  to  suit  the  oscilloscope  screen. 

y-task  generator 
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As  for  the  x-task  generator  the  suffices  3 and  1 1 on  the  input  connections 
signify  connections  to  the  U.05Hz  and  0.18Hz  oscillators  respectively.  The 
potentiometer  VR)  again  gives  the  scaling  to  suit  the  oscilloscope  screen. 


The  5kfl  potentiometer  facilitates  the  centralization  of  the  line  on  the 
screen  (i.e.  zero  voltage)  with  no  deflection  on  the  stick,  and  should  not 
normally  require  further  adjustment  after  initial  setting  up.  The  500kft 
potentiometer  provides  scaling  adjustment  of  the  line  deflection  to  suit  the 
oscilloscope. 

Mean  error  measurement 
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Rj  - R?  - 1M0 

R2  - Rg  * 1MQ 

R3  - R9  « 470kfl 

R.  « R. « *=  i.im 

4 10 

R5  - R - 2.2MO 

R6  « R]2  - 820kfl 

C,  - C-  * lOyF 

• A 

Switch  Sj  is  a push-ON,  release-OFF  double  pole  push  button  switch  and 
provides  the  reset  for  the  error  circuits. 

Construction 

The  circuits  are  constructed  on  two  sheets  of  2.54mm  matrix  double-sided 
veroboard.  All  the  integrated  circuits  used  are  14  pin  dual- in-line  encapsulated 
devices,  and  are  mounted  in  holders  to  facilitate  easy  removal,  if  this  should 
be  necessary.  The  two  oscillators  and  task  generators  are  all  mounted  on  one 
board,  and  the  mean  error  measurement  circuit  is  mounted  on  the  other.  This 
leaves  sufficient  room  on  the  error  board  to  construct  a mean  square  error 
circuit  if  this  is  desired. 

Setting  up 

The  two  oscillators  require  very  careful  setting  up,  but  once  adjusted  it 
should  not  be  necessary  to  make  any  further  adjustment.  The  500kft  variable 
resistors,  VRj  , provide  frequency  adjustment  and  the  5kfl  variable  resistors  are 
quite  precise  in  their  settings.  The  output  from  point  B should  be  monitored 
on  an  oscilloscope;  if  VR2  is  set  too  low,  the  output  will  be  in  the  form  of 
a damped  oscillation  and  if  set  too  high,  the  output  will  show  serious  distor- 
tion. A setting  between  these  two  limits  for  VR2  will  give  a satisfactory 
output. 

Integrated  circuits 

All  the  integrated  circuits  used  are  741  series  operational  amplifiers. 
These  operate  from  a +15V, 0,  -15V  power  supply.  They  are  14  pin  dual -in-line 
encapsulated  components  and  the  relevant  pen  connections  are:- 

Pin  4 Inverting  input 

Pin  5 Non-inverting  input 

Pin  6 Vcc  - 

Pin  10  Output 

Pin  11  Vcc 
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Operation 

The  only  additional  equipment  required  are  the  two  oscilloscopes  to  display 
the  task  and  a four  track  pen  recorder  for  the  trace  record  and  error  scores. 
Alternatively  the  error  score  could  be  recorded  on  a voltmeter. 

The  output  terminals  on  the  unit  provide  for  leads  to  be  taken  to  the  two 
oscilloscopes  and  pen  recorder  inputs.  The  red  terminals  denote  signal  leads 
and  the  black  terminals  are  signal  earth  leads.  The  NATO  4-way  jack  socket 
provide  the  terminal  connections  to  the  two  control  sticks;  terminals  1 and  2 
for  task  x and  terminals  3 and  4 for  task  y.  The  one  terminal  facilitates  a 
simple  conversion  to  a single  two-axis  task. 

The  unit  has  a very  large  time  constant  in  the  circuits;  it  is  therefore 
necessary  to  allow  five  minutes  after  switching  on  before  any  adjustments  are 
made.  The  unit  generates  voltages  of  the  order  of  12  volts  peak-to-peak  and  in 
order  to  accommodate  this  the  oscilloscope  attenuators  should  be  set  to 
1 V/cm. 

With  the  task  ON  and  stick  OFF  the  two  task  scaling  potentiometers  can  be 
adjusted  so  that  the  task  covers  the  desired  area  of  the  oscilloscope  screens. 

With  the  task  OFF  and  stick  ON  the  two  stick  scaling  potentiometers  can 
be  adjusted  so  that  full  deflection  of  the  sticks  gives  the  desired  deflection 
of  the  line  on  the  oscilloscope. 

In  order  to  make  an  error  measurement,  the  error  switch  is  first  turned  on 
and  the  subjects  start  tracking.  The  RE-SET  button  is  pressed  and  then  released, 
when  the  timed  period  is  begun.  After  the  required  time  the  error  switch  can  be 
turned  OFF,  when  the  error  scored  by  each  subject  will  be  stored  until  the 

t 

RE-SET  button  is  pressed  again. 

Mean-square  error 

In  order  to  measure  the  mean-square  error,  it  is  necessary  to  square  the 
error  signals  obtained  at  points  E and  F and  then  to  integrate  them.  The 
squaring  functions  may  be  obtained  in  several  ways,  the  easiest  being  to  use  a 
commercially  available  squaring  module,  for  example  an  Ancorn  Ltd.  squaring 
module  type  15SN-1  or  type  15SP-1.  These  operate  directly  into  the  summing 
junction  of  an  operational  amplifier  and  produce  a current  output  proportional 
to  the  signal  of  the  input  voltage. 

Task  dimensions 

With  a subject  seated  in  the  normal  position  for  the  tracking  task  the 
following  measurements  were  made:- 
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full  scale  deflection  of  CRT 
distance  of  CRT  from  subject's  eye 
total  possible  angular  movement  of  control  stick 
scale  of  CRT 

maximum  difference  in  control  stick  output 

Hence  for  IV  on  the  CRT,  the  angle  subtended  at  the  eye 
and  the  movement  of  the  stick  is  (ir/3)/25  * ir/75rad. 


60mm 

450mm 

60°(it/3rad) 

0. lV/mm 
25V 

is  (10/450) rad 


Therefore  the  control/display  ratio  is  (45tt/ 75)  ■ 1.88. 


Table  1 

SUBJECT  DETAILS 


Subject 


Age 

Height 

Weight 

(years) 

(m) 

(kg) 

19 

1.69 

54.0 

21 

1.79 

73.0 

24 

1.83 

66.2 

23 

1 .68 

72.1 

32 

1 .80 

82.5 

37 

1 .79 

85.3 

36 

1 .83 

71.7 

35 

1.76 

63.5 

17 

1 .73 

64.9 

Subiect  a 


Condition 


Threshold  of 
hearing 
(dB) 


Table  2 a 

AUDIO/VISUAL  MEASUREMENTS 


Day  1 i 

| Day  2 

Day  3 

Day  4 

NV/NK 


pre 

post 

pre 

post 

pre 

post 

pre 

post 

500Hz 

10 

10 

10 

10 

5 

5 

10 

10 

4kHz 

10 

10 

10 

10 

10 

30 

5 

10 

500Hz 

10 

35 

5 

10 

5 

10 

5 

5 

4kHz 

10 

10 

10 

10 

5 

10 

10 

10 

Chart  No. 
Reading  chart  Right  eye 
Left  eye 


Near  point  „ . . 

rule  Near  point 

(mm  x 10)  Acc,  point 


Maddox  wing 


Red  scale 
White  scale 


Table  2b 

Subject  b 

AUDIO/VISUAL  MEASUREMENTS 

Condition 


Day  1 


NV/K 


Day  2 


V/NK 


Day  3 


V/K 


Day  4 


NV/NK 


pre  post 


Threshold  of 
hearing 
(dB) 


500Hz 

4kHz 


Chart  No. 
Reading  chart  Right  eye 
Left  eye 


Near  point 
rule 

(ran  x 10) 


Maddox  wing 


Near  point 
Acc.  point 


Red  scale 
White  scale 


Table  2c 

Subject  c 

AUDIO/VISUAL  MEASUREMENTS 

"*  — — r ■ ■ — — i ■ ■■  ■ 

Condition 


Threshold  of 
hearing 
(dB) 


Chart  No, 
Reading  chart  Right  eye 
Left  eye 


Near  point 
rule 

(ran  x 10) 


Maddox  wing 


Day  J 


V/NK 


pre  post 


Near  point 
Acc.  point 


Red  scale 
White  scale 


Day  2 


NV/K 


Day  3 

NV/NK 

pre 

post 

10 

5 

10 

0 

10 

■ 

5 

5 

■ 

0 

5 

6 

7 

7 

Day  4 


V/K 


10  10 


8 

18 

4 

14 

0 

0 

2 

2 

35 


Subiect  d 


Table  2d 

AUDIO/VISUAL  MEASUREMENTS 


Threshold  of 
hearing 
(dB) 


Chart  No. 
Reading  chart  Right  eye 


Near  point 
rule 

(ram  * 10) 


Maddox  wing 


pre 

post 

pre 

pos  t 

pre 

0 

n 

-5 

10 

-5 

-5 

€9 

0 

20 

0 

0 

5 

0 

10 

5 

15 

20 

15 

20 

15 

Left  eye 


Near  point 
Acc.  point 


Red  scale 
White  scale 


Day  4 

V/K 

pre 

p08t 

0 

5 

0 

5 

9 

10 

20 

15 

20 

26 

6 

6 

2 

2 

2 

4 

Table  2e 

Subject  e 

AUDIO/VISUAL  MEASUREMENTS 

Day  1 


NV/NK 


Day  2 


V/K 


Day  3 


V/NK 


Day  4 


NV/K 


pre  post  pre  post  pre  post  pre  post 


Maddox  wing 


Red  scale 
White  scale 


36 


01 


Table  2f 

AUD 10 /VISUAL  MEASUREMENTS 


Subject  f 


Day  1 

Day  2 

Day  3 

Day  4 

Condition 

NV/NK 

V/K 

V/NK 

NV/K 

pre 

post 

pre 

post 

pre 

post 

pre 

post 

500Hz 

■a 

10 

mm 

10 

aa 

15 

10 

10 

Threshold  of 
hearing 

R 

4kHz 

H 

15 

Kh 

20 

aa 

20 

10 

20 

M| 

■Ml 

(dB) 

H 

■9 

10 

15 

10 

10 

15 

mm 

B 

tmm 

■a 

15 

10 

15 

aa 

10 

10 

SB 

Chart  No. 

mm 

5 

6 

n 

2 

3 

4 

5 

Reading  chart 

Right  eye 

SI 

7 

6 

7 

7 

7 

7 

Left  eye 

m 

6 

6 

Bl 

7 

7 

6 

7 

Near  point 

Near  point 

1 1 

11 

1 1 

R 

9 

8 

7 

7 

(inm  x 10) 

Acc.  point 

9 

1 1 

6 

■a 

6 

6 

6 

6 

Maddox  wing 

Red  scale 
White  scale 

0 

2 

0 

2 

0 

2 

0 

2 

0 

2 

0 

2 

0 

2 

0 

2 

Table  2g 


Subject  g 


AUDIO /VISUAL  MEASUREMENTS 


Day  1 

Day  2 

— 

Day  3 

Day  4 

Condition 

V/K 

NV/NK 

NV/K 

V/NK 

pre 

post 

pre 

post 

pre 

post 

pre 

post 

10 

15 

10 

15 

aa 

5 

10 

10 

Threshold  of 

R 

mm 

25 

20 

25 

20 

aa 

20 

15 

25 

hearing 
. '(dB) 

B 

■ 

5 

25 

15 

30 

10 

35 

15 

30 

15 

30 

15 

30 

10 

25 

10 

30 

Chart  No. 

1 

2 

3 

n 

5 

6 

1 

2 

Reading  chart 

Right  eye 

6 

7 

7 

H 

7 

7 

*T 

/ 

7 

Left  eye 

7 

7 

7 

mm 

7 

7 

7 

7 

Near  point 
rule 

(ran  x 10) 

Near  point 

20 

23 

aa 

24 

21 

20 

25 

25 

Acc.  point 

9 

12 

u 

15 

13 

13 

18 

15 

Maddox  wing 

Red  scale 

0 

0 

0 

0 

0 

0 

0 

0 

White  scale 

1 

0 

1 

1 

2 

1 

J 

0 

3 

Table  2h 

Subject  h 

AUDIO/ VISUAL  MEASUREMENTS 

Day  2 


NV/NK 


pre  post  pre  post 


Day  3 


NV/K 


Threshold  of 
hearing 
(dB) 


500Hz 

4kHz 


500Hz 

4kHz 


Chart  No. 
Reading  chart  Right  eye 
Left  eye 


Near  point 
rule 

(ran  x 10) 


Maddox  wing 


Near  point 
Acc.  point 


Red  scale 
White  scale 


Day  4 

V/NK 

pre 

post 

20 

25 

10 

15 

10 

wm 

15 

IS 

4 

5 

7 

7 

6 

6 

Subiect  a 


Table  3 


TASK  SCORES 


Condition 


Tracking 
(error  scored) 


Writing 


Search 

(targets  found) 


Vigilance  1 
(signals  detected) 
per  quarter  hour 


Vigilance  2 
(signals  detected) 
per  quarter  hour 


Day  1 

Day  2 

Day  3 

Boom 

V/NK 

MUM 

3.6 

3.6 

4.0 

3.4 

4.6 

3.9 

3.1 

4.1 

3.4 

2.9 

3.5 

3.1 

2.7 

3.2 

3.2 

3.0 

3.2 

3.3 

NV/NK 


Subiect  b 


Table  3b 
TASK  SCORES 


Condition 


Tracking 


Day  1 

Day  2 

Day  3 

Day  4 

NV/K 

V/NK 

V/K 

NV/NK 

4.4 

5.3 

4.1 

3.9 

3.5 

5.2 

4.0 

3.2 

4.7 

5.2 

5.5 

3.3 

3.7 

4.6 

3.8 

3.4 

3.7 

3.7 

3.7 

3.8 

4.6 

3.8 

Writing 


Search 


Vigilance  1 


Vigilance  2 


Table  3c 


Subiect  c 


TASK  SCORES 


Condition 


Tracking 


Writing 


Search 


Vigilance  1 


yigi lance  2 


42 


No. 

1 


2 


3 


4 


5 


6 


7 

8 


Author 

International 
Organization  for 
Standardization 

K.R.  Maslen 

M.D.  Bennett 
B.  Farmilo 
M.A.C.  Campbell 


R.T.  Wilkinson 


G.F.  Rowlands 


P.  Branton 


C.B.  Bolton 


Sidney  Siegel 


REFERENCES 

Title,  etc. 

Guide  for  the  evaluation  of  human  exposure  to  whole- 
body  vibration. 

International  Standard  ISO  2631  (1974) 

Efficiency  under  prolonged  vibration  and  the  ISO  'Guide*. 
Unpublished  RAE  Technical  Memorandum  (1972) 

Human  response  to  vibration  in  military  cross  country 
vehicles;  the  effect  of  frequency  and  duration  of 
exposure  in  a simulated  environment. 

Royal  Military  College  of  Science, 

Technical  Note  AM/64,  December  1974 

Methods  for  research  on  sleep  deprivation  and  sleep 
functions. 

Int.  Psychiat.  Clin.,  ]_*  369-382  (1970) 

Brief  report  on  the  conutissioning  trials  of  the  Servo- 
Consultants  2-axis  vibration  rig  in  R132  Building  at 
RAE  Farnborough. 

Paper  given  at  meeting  of  UK  informal  vibration  group  at 
Swansea  University,  January  1972 

Seating  in  Industry. 

Ministry  of  Technology  - Ergonomics  for  Industry  No. 10, 
June,  1966. 

HMSO  161062 

Ventile,  incompressible  cushion. 

Applied  Ergonomics , 3.2,  101-105  (1972) 

Nonparametric  statistics  for  the  behavioural  sciences. 
McGraw-Hill  Book  Company,  Inc.,  pp. 75-83  (1969) 


9 British  Standards  Guide  to  the  evaluation  of  human  exposure  to  whole-body 
Institution  vibration. 

BSI  Draft  for  Development  DD32  (1974) 


Acceleration  (m/s2  rms) 


r 


i 

\ 


I 


Fig.  1 


! 


im, 


i 


\ 

i 


-r[ 

'i 

i 

>■ i 


| 


,1 

<L 


Fig.1  ISO  limits  for  vertical  vibration  at  5Hz 
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Fig.5  Example  of  search  tatk 
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Fig.  7 Example  of  writing  task  attached  to  desk 


Fig.  8 Timetable  of  tasks 
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Figs.  9 & 10 
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Elapsed  time  of  tasks  (hours) 


Fig. 9 Vigilance  task- averaged  scores  for  vibration  and 

no-vibration  cases 


Fig.  10  Vigilance  task -averaged  scores  for  all  four  conditions 


Fig.  12  Vigilance  task-averaged  relative  efficiency 
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Fig.  13  Visual  search  task -averaged  scores  for  vibration  and 

no-vibration  cases 


Fig.  14  Visual  search  task -average  relative  efficiency 
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Fig.  15  Tracking  task -averaged  scorer  for  alt  four  conditions 
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Fig.  16  Tracking  task -averaged  scores  for  vibration  and 

no-vibration  cases 
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Fig.  17  Tracking  task-average  relative  efficiency 
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Fig.  1 8 Writing  task- averaged  marks  for  vibration  and 

no-vibration  cases 
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Fig.  19  Writing  task-average  relative  efficiency 
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Fig.  20a 
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Fig  20a  Tracking  task  performance  - Subject  a 
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Fig.  20c 
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Fig.20c  Tracking  task  performance  - Subject  c 
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Fig  20d  Tracking  task  performance -Subject  d 
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Fig.20e  Tracking  task  performance -Subject  e 
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Fig.  21  Noise  level  inside  headphones  during  vigilance 

and  miscellaneous  tasks 


